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| ABSTRACT 


Two. dikiter channel slab roof déexe, with 
supporting beams, insulation, and built up 
ee Bitocce: = ubjected to rire endurance tests. 
as fered only in the type of insulation 
iii obeni whe results: indicated fire rabietoneen of 
i sens 50 ee 


oe. oa “pre opucT ron 


ab whe reg uest 9 of the Office of the Cahier of miginewes; 
Department of the fire endurance tests were performed — 
en two roof deck Peeve Se for warehouse constructions. 
pe test specimen consisted of a large concrete beam, cone 
pat ei Slab deck, insulation, Seply rooting, and OX. 
ES 


a ‘ay 2 surfac Bes “the five. vest Tunbers ces were: 
* 32, ay Dax 92. a £6E8L 38e » sune ie “1953 
ee _ Test SPaC / INES eae 


tig ag tvs verre oa were ettice: in all details eaiees% 
the type of shautario ‘Bach consisted of a reinforced econ- 
erete beam, 9 in. wide, by 16 in, deep, reinforced concrete 
channel slabs haying 4 in, flanges anc 1 in, web thickness, 
2 &n. of. iisulation, plys ef voll asphalt felt roofing, and 
expanded slag warfacing. All the conerete elements of the 
assemblies were precast and were placed together in the test 
ene —* a few days before the Maths 


@elk Materials .._ 


(a) 228i. The beans for the tests were cast by experienced 
Sonne ps. e ational Bureau of standards, Eech beam was 
dn, wide es deep, and 17 ft 10 in, lens. With two ex- 
ceptions 1g d68. = and *eonstruetion of the bean fellowed 
a we ha prope ed construction as detailed on Sheet 16 
Drawin yA pnetpighed of "Seam Schedules and Details of 
Speei ome Wer ouse Fleer on Grade 460! x 200'", One modi- 
Tiesation involved use of additional reinforeement at the mid- 
depth of the bean, and the other was necessitated by the 
limited size of the furnace and involved modification of the 
methed of end support of the beam. For this purpose the bottom 
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of the 16 in, depth was notehned 6 in, hich ona 5S in. short at 
each end, The reinforcing in each beam consisted of two 3/l in. 
deformed rods 1} in. olear from the bottom, one 14 in. ¢lear 
“from each side; two No. & deformed rode simtiarly Llosated in 
the top corners ef the beamy @ Single No. 7 éeformed rod-in the 
center, 16 in. clear below the top; and two No, © deformed rods 
at the midedepth, one 1) ins @lear: from each side, The latter 
pair of rods weme not required in the desieon as submitted bat 
was added toa provide additional Intureree that the beam would 
veusin Im useful condition througheut the teat perieds The 
reinforeing rods were assembled with two stirrups of 3/5 in, 
rods at each end. Chromeletlumel thermecouples were peened 
inte holes drilled in the rode to provide. for measurement of the 
steel temperatures during the tests. The assevbliy of reinforcing 
rods wie placed on chaira in the form snd the concrete poured 
and thoroughly vibrated, The contrete mix was aperoximately 
192.293.6 by weight of portland cewent, fotomac Xiver,. sand, 

ang Potomac hiver gravel, The coerse arscregate was specified 
to be of 3/l ins maximum particle sige. A typleal petrorrarhic 
analyele of Fotomac iver gravel, aa given in SHoléa), Sire Tests 
of Steel Golurmme Protected with Biiiecous Argrecate Concrete | 
shoved mineral content of 21 pereent vein quarts, 36 percent 
quarteite, £3 percent sandstone, 12 percent chert, no mlea, and 
6 pereent others, As the ¢concrete bevan to set, metal tabs 
were inserted alone the top center Line of tho beam, to be bent 
down over the erde of the channel] slabs durine sssenbly, The 
etrerigth of conorete cylinders 110 deys after pouring averaped 
4760 pei with ea minimum of 050 pai, ~~ 


(6) Chaenmel Slabs, ‘The reinforced concrete shonnel slabs were 
made by & ¢.mmercial plant regularly enpared in the produetion 
of such slave, They were 2313/16 in. wide, 1 ins deep across 
the central web with 34 in, deep flanges, These flanpes were 
1e7/8 in, wide ot the bottom, Im each flange, ea 1/2 in. deo 
formed rod was located centrally and 1/2 in, from the bottom. 
The desien had called for these rode te be 3/l) Im. clear from 
the bottom but the manufacturer Inadvertently supplied channel. 
Slabe with the rods 1/2 in, clear, @ standard clearance, Wire 
mesh reinforcing, Noe 10 ga wire, spaced by k ing and \. by 

& Ine was contered in the depth of the 1 In. web. At one end 
of each channel slab, both flanges were dapped or held 1/2 in. 
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less iy from the bottem, for lengths. of Sin, The slabs 
were made in eqaal numbers of two lencths, 6 ft 35/0 ing. 
| tbe pre ft Ista, ‘They were steam cured by the nanufscturer. 
i eee the channel shabe from the same groupes those in the- 
| test specimens were tested for strength under the provisions 
: of Federal Specification: (488-531. The: channel slabs were. 
: supported onepipes:6 ftoon centers, ‘tse Iead was applied... 
: throurh two lebeams: placed tranaversely. te the channel Slab, 
one at each quarter. point of thé ti ft span, The two channel -. 
slaba failed: under spplied: leads computed to be equivalent to 
antformhy distributed applied loads of 196 end.202 lb/ft’, 
Pespectively. Including the: dead load cf une slabs, 16.2 "a/rt’, 
theultimate. loads sre: 206 end 216. lb/ft", pespectively. The. 
testa were mage the Sane cay as. the eylinder Sests bat the... 
OxGCt afOcf.tne slabs waa not knowns The manufacturer reportec 
ultimate stroencths of about ese te: ago pagal of some other 
Dyer ested: by Bite en 


rie 7 Tasehetaens Ebe-Ansuletions Gaed in ‘soe te assem lies 
were each 2 in, thick. That in Test 327 wae a glad of class 
fibers having a phenolic bingéer and an asphalt paper cover over 
the ends, one ot and 183/k in. at each end of the other face. 
It come:ine2 by beft pieces and weighed. epprosimately 2 1b per 
eq fty: cihaherenter ehourh to handle easily. and: tobe cub with 
& saw. Jheoinsulatdon in eset 326. wes epaque frethed or: foamed 
@lasscwhich weme in-blotke i2-by 16 in. There was no evidence 
of any combustible components: it wel hed: seeeeehewrigee pwns prec 
bocce a, and could’ ‘be cut by a BANS 5:2 : 


2 She: reoting: gbove: the. imal ation: iponaih ted of 

Blt, BSphalt saturated rag felt rolled roofing, and 
avannian of "expanded Slag. “he maximun dimension 16 of the Latter 
were between 3/6. and02/2 ins. -She-feltcoame in rolls 36 in. wide 
and geen breil Sel sl (nominal ss 2/100 feds 


lai is He ", oN or ich t pet wee wtegen’s ree dite’ ¢enter- 
‘ti. ort . ips: tré the rast's de of the restrainine frane of 
the furnese, The charne]. Blade ‘were Placed transversely to ~ 
the be: at a tthe: ‘@apped ends resting thereon ‘ané the other 
ends on the bearing anrcles along the furnace etdes. Hine of 
the & ft 35/6 in, Blabs were oaes between the beam and the. 
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Bast bearing wille an equal number of the 5 ft 1l¢ ins slabs 
were plmaed on the other side of the beam. Strips of asphaite 
asbestos felt, © ing wide, were laid over the joints between 
--gheabs, hot aspialt was mopped over the entire surface and the 

insuietion Laid in the asphalt eas the moppinge progressed. Yor 
eet 327, the class fiber insulation was ple ed wiih the paper 

Side up,» The pleces gions the ends and edges of tae roof deak 

: were cut so that the joints between pleces would be stacrered 
and would not fall above tne jointe between the channel slabs, 

Hesentially the sane renault wes oubained in Zest 326 oy the 
Ghoice of pattern in wiich tue blocks of insulation were ie@ic. 
The top of the. Papi wea wos mopped with hot aepialt and él 
lowed to dwy,s The flve sly roofing wae built up by the "“shinrie" 
method «hereby each 36 ine width overlapped 29 in, of the pre- 
oeding strip. The hot asphalt aop wee rium alony a ‘portion of 
‘the area to be overlarped before each stripy of roafine was ape 
plied, After all the sephalt-felt roofing wae cewn, net asphalt 
was mopped over the whole area and the exzpanded ale: pramsles 
sciatic tohaiehe over the BULLEce. 


a Bi Beat Bquipment and Method F 


The tanta: were condueted in a furnace dent crit for tents 
of. fleors and roo: fe. It was in the form of a: operetop box, 
in whieh top the teat. specimens were ctullt, The cas fires in 
the furnace were controlled so that the temperatures agreed as 
ss e6 possible with those of the time-temperature curve, 
defined in the Standard Methods of Pire Tests of Wullding Cone 
rae ee es: ond Materials, ACTH Bell19, which inelude 1000°) at 
5 min ae 2300°F at LO min, 1550°F at 30 win, L700°° at 1 br, and 
1850° Gt 2 BPS. 


el Temperature Meagurenonts 


, The or pimatured: at wer Lous Locations were eeasanet ab 5 
min intervals by means of chromelealumel thermocouples connected 
to direct reading potentiometers and to recordin, potentiometers 
which mece a printed record of each temperature measurement 
every 3 min, Twelve thermocouples, encased in porcelain tubes 
and Iron pipea, were dletrlouted in the furnece, Eight: thormo- 
areca qingat were: Peep’ at each of four levels; on top of the 
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chennel sl in the middle of the insulation, on top of the 
insulation, “and on top of the slag surfacing, The latter 
thermocouples were under felted asbestos pad’ G in. square 

~~ gnd 0.1, in. thick, and each group was Cistributed symmetrically, 
Thermocouples dian been placed on the tean relnforcement. when 
the ane, wae: panne on aeseribed previously. 


Bad “Loading 


ea apse oem designed to support «aticipated loads oft 
between 20 and 65 Lb/ft* in addition te. the dead lead. Lach 
specimen was tested umier an applied load of 45 1b/ft". This 
loed was provided by four hydraulic jacks located over the 
furnsee and was distributed to 36 steel channels which bore 

on the test Eeness The total dead lead on the sisabe was 
about bes Seley « tis ee | 


5 Bad Gest criterta 


the nest ltd followed ppecify. thet. the fire endurance 
limit of a floor or. —_— Structure shall. be detersined by any 
of the following: 1. . passere throurch the specimen of ea 
or gases hot ay to | dondte cotton wastes; €. failure to 
sustain the applied loads 3. transmission of bent. through . 
the specimen suffietent to raise the average temperatura on 
the unexposed surface 250 deprees or the temperature at one 
a es 7» above its initial temperature, och test 
waa continued aye hon ‘ef more. ot these: cent oriianka bed 


tig Londbe BROULEA 


ie “She wnaielee: are: ceesenies in aoonevinied eae of test ake 
servations, descriptions of post test condition, and ,raphs 
of the vars OUR nee: ORMAE Rede: a 


hel Test 327 
eee the more important observations and mea- 


. The follow ae. 
6 made during the stensed of eae woof deck AnCoRRCHARINE 
ghaas: on eens se tes 


or =< = room <_— eri 
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206 Spall 6 to 8 tn done Loiee West edge of ae at 
center epan, 
$07 Sound of additional spalling heard, 
*ll we jets of esteem through roof, ~~ : 
oe gh@ Bulpes in reofing. © 
y2@l Visible eag of lone’ (hast) onal: shies 
t3 Steam jets through roof changed to smoke, 
($39 ewer reinforcing rods of beam exposed on West 
from Spellings 
sh2@ Sag of channel slabs on East estimated at 2 to 
$53 ‘Beg estimated 6 ing, load removed. 
1:03 Cotton waste over gonter Jet or sroke removed 
end found denited, 
1:16. Firat ¢rack” ae channel blad flange. Te. : 
1:34 The sag’ of the long channel slabs has Shs vended 
to at least 10 in., causing openince under the 
- Rest ence theouch which: furnace fires are te 
| mitine the edge of the roof : 
e10% Ges offs Repeated pions extinguished: with water 
pines. Ee 366° o 


— (b) Conds . on at ter 2 ast 4 Innediately after the cae flree 


were turned ne discharge of for and spray rosele fire 
hoses were Pooky My on the fires in the roofing, One ehannel 
slab on the East fell, creatiy Increasing the extent of the 
ee fire, Sy the time all the fives were extincuished, 
he one of the lone channel slabs had dropped inte the 
fare 6 from oné of its end supports, The short channel slabe 
on the West remained in place and practically undeflected. 
The felt stripe and asphelt under the ingulation, the binder 
and @ephalt paper backing of the insulation were all burned 
out. In many clades the ‘felt roofing was: murned, The rca 
tion is” shown in-Figure ly” 


lemperatures. Control or the furnace fires throughout 
the test was such that the fre exposure severity, defined 
as the ratio in pergent of the area under the sraph of averare 


furnace temperatures to the erea under the stendard time-tem- 


perature curve, was 96.5 percent, The temperature at one 


point on-the whexposed surface had risen 325 deg F at 1 br 65 mine 
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That at one sretes on the lower reinforcing reds of the bean 
reached 1200's at 49 win and the average cf the lower rode 
reeohed. 1000 f at. 1 br 2 min. The tewperstures observed — 


i Sarees Lato ued pcnins indicatec by: the curves of soe ge» 


da Test 326 


ve The. following are the-mone important ‘observations end... 
measurements made during. the test of the woot _— ‘dneorporas~ 
ing foamed or spon claunnpar senha eae * 


(ay Best bes i a 
Toe ; OBSERVATION 


210 4«©6 Steam from edces of roof deck. 
eae gh Roofing puffed up slightly in. eeveral PLAOOP 6: pe 
tier 81 Too. Large spally.¢ imeobigh.by hte S ft long on 
aii cin oo. wohlower, 606 edge of: beam, an: nor Pechenry: es~ 
bowls .eo0 poting: reinforting reds °°) 
i) paesos2Too Lengrehonnel slabs (on east) ‘sageing slightly. 
130 “pall of lower west edce of beam imsouth half, 
25 Sag of channels:estimated 2 in., much smoke. 
thc Short horisental crack in center cf beam about 


a the bene kcinssfrem bottom. of- east Peee. 2 


| 5% Load. removed, channel] slab sar © » ine or: meres 
Shas a , batrenely emokye> o>: 

“Asa. pes at furnace trom between chennels . fop 
concn Lee 84x cracks in ‘wnat: fece | : beam, ‘from. 1/2 to 
a U2? «Bel f2 fe-Longg: four eeprihineke the line of 

o (Cabenary, other two near top centers Say. of: 
« acit», Loma obennels: now 10: to 12 mins 
ana#<c3 trensverse sep in some of lon: channel 
slabs. 
1:h3 flanges 6f long channel slabs cracking. 
AshG Gas ese flames continue below channel joints, 


¢ “fhe Lene ebaanad glabs reneined in 
plece: 9e ed sep of nbout Lic fte The beam hac three 
epalls of appreciable size along the lower edges anc cracks ia 
each side. Much of the asphalt had run out the edges of the 
woofs: The: beam and under sides of the siabs are shown in 
Pigure 36 
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nperatures. fhe contre] of the furnece fires through 
test was sueh that. the fire exposure severity was 
85.9. pargent. of. the standard exposurt.. “his exposure severity 
is met within the limits eet in the Standard test Hethods. 


“The low severity resulted from considerable difficulty in ~ 


keeping the. burners lit curing the first. ineli=:our of the 
test. the. pengersiure. ab ong point. on. the. unexposed surface 
had risen 325 deg f at.1 br o min.end. the average had risen . 
250.dec f.at.2-hr LO win... fhe. tenperaturc at.one pont on the 
lower reinforeing rods of. ibe beam reached. 1200 7 at 1 hr 

min and the. everage reached.1000 ¥ at 1 br.17.mine the 
teuperatures observed. mernne the test are indicated by the 
oanwes: Of bigure.de a. 


Se SUMMARY AND. COSCLUGTONS 


$e capers benaviers ef the two rool deck assembiles were 
bach bem: suffered some damage. and the velnforein 
cithin: each was. ted to. high temperatures. The 6 .£t 305 /0 ins 


bit 


el slabs underwent. pongisared le. GetiAS thn, | up. to about 
ib besiege of +hele SPRBe. 


_ S.1 Beans 


The beams in the two. tests were identical in design. ach 
Spalled along the bottom edges, sxposing aah oe of the lewer 
reinforcing rods te the hot furnace gases. Cracks formed 
along. the. sides of wach. beam, The. temperature, of ype lower re~- 


inforcing, recs. reached the tenporatures ef 1000.) fer the 
average and and.1200 Fat. on@.point.ai 1:02 and. g Lo, a 2 I 
in Test 327 and 1:17 and i: $20 in Test 320. The load applied 


te the assembly was not intended to stress. the beam to tte dee 


Giron capacity. therefore, the fire endurance of the bean 


would be Ada ted to bb min without full load, 
Sea Hoeft Decks... 
The channel slabs, in the & ft 3=5/G-in, lengths, did not 


Spall at any time and did not crack until lete in the tests 
but they did sag appreciably. This sag bepan to be noticeable 


“within the firat beli-heuy anc becane $0 extreme as te consti-« 


tute load failure by 63 and 58 min in the two tests. ‘Seecause 


Oh) the five exposure severities of 98.6 and Gb.9 percent, 
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corrections of -2 and «6 min apply and the corrected fire ene 
durance limite are Sl min and 52 min, respectively, Arter 
the pemoval ef the applied load, the sag continued to increase, 


“until, at the end of one test the channel] slabs fell from place. 


The glass fiter insulation and the frothed g¢iase insulation 
seen to have beer: equal at low temperatures but the former 
showed better realatance to heat transmission at high temperae 
tures, However, the agphealt paper on the Gages cr the plage 
fiber insulation is combustible anc provices @ pabh Yor tpanse 
mission of flame from the bottom of the insulation to the top. 
fhe binder in the fiber insulation te combustible and the 
i in each fuses at high temperatures, losing its insulating 
VGLUGs a 


S30 «Complete Assenbly 


fhe combined assembly of beam, channel slabs, <¢ in. of 

glass insulation, 5 ply roofing, and expanded elas surfacing 
hes a fire endurance limit of about 50 min, The beam reine 
forcing ls quickly expesed through spalling and, when fully 
loaded, would sag due to lest etrength soon after, The channel 
Slabs d not spall but did sag to a considerable degree, Soth 
difficulties, beam and channel siabs, may be attributed to ine 
sufficient thickness of concrete around the veinforeing steel. 


Weither the contents of this report nor the fact that the 
tests were made by the National Sureau of Standards shell be 
used for advertisin: or premotional purposes. 


Per the Director 


re 


&. ¥. Nobertseon, 
Chief, Pire Protection cegtion, 
Bulldine Technolocy Division. 


Repert, jo. °G10216-22:FP32hh 
July 3, 1953 
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